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Abstract

Background to analyze, at one year, the efficacy and safety of treat-and-extend (T&E) intravitreal (IV) Brolucizumab in
patients affected by macular neovascularization (MNV). Both naive and previously treated (i.e,, switched) patients were
included, and the data from the two groups were compared.

Methods anatomical (i.e, central subfoveal thickness, CST; presence of fluid), functional (i.e., best corrected visual
acuity, BCVA) and treatment-related (i.e, number of IV injections within the study period; number of patients reaching
a 12-weeks interval between treatments) data from 41 eyes of 41 subjects (20 naive and 21 switched) were analyzed.
Patients were treated with 3 monthly IV injections followed by a T&E regimen based on a disease activity assessment
performed at each scheduled IV treatment.

Results significant CST reduction (from 412.1+115.8t0 273.2+61.6; p<0.05) and BCVA (mean; p) improvement
were observed in the naive group, while in the switched cohort, both parameters were almost stable. In the naive
and switched groups, 55% and 33.5% of patients, respectively, reached a 12-week IV interval at one year, with a mean
of 655+ 1 and 7.43+0.68 IV treatments, respectively. One patient with mild anterior uveitis without sequelae was
recorded.

Conclusion In patients with MNV, IV Brolucizumab injections following a T&E regimen demonstrated great efficacy
and a good safety profile, with greater anatomical and functional results in naive patients.

Trial registration This study was approved by the Local Ethics Committee (protocol number 155/2020, general
registry number n°11486, InterHospital Ethics Committee, San Luigi Gonzaga Hospital, Orbassano, Italy).
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Background

Age-related macular degeneration (AMD) is a leading
cause of visual impairment in developed countries, and
the management of its neovascular stage is becoming a
significant challenge for health care providers due to the
frequent treatments and follow-up needed for a con-
stantly increasing number of patients [1, 2].

Intravitreal injections (IVs) have significantly changed
the natural course of macular neovascularization (MNV),
and their efficacy has become even more evident due to
earlier diagnosis and treatment and the adoption of more
effective treatment regimens [3-5].

Indeed, significant efforts have been made to obtain
the best functional and anatomical results with the low-
est number of IV injections and follow-up evaluations.
Treatment regimens such as “treat and extend” (T&E) are
therefore currently widely used, providing results that are
similar to those obtained with fixed regimens with fewer
IV injections per year [6, 7]. In this context, newer drugs
such as Brolucizumab and Faricimab seem promising
for achieving good control of disease activity with fewer
treatments [8, 9]. Brolucizumab has demonstrated excel-
lent efficacy in retinal fluid control in several MNV sub-
types and in both treatment-naive and previously treated
lesions [10—14]. However, the initial enthusiasm for this
new drug has somewhat faded due to the increasing
number of reports on adverse intraocular events follow-
ing its use, from mild inflammatory reactions to severe
retinal vascular occlusive events [15, 16]. In this context,
due to the relatively low number of real-life reports on
the use of Brolucizumab, we aimed to report one-year
anatomical and functional data on its use in both naive
and previously treated patients affected by MNV and
compare the results from the two groups.

Methods

This study, conducted in the Ophthalmology Depart-
ment, ASL TO5, Turin, Italy, was approved by the Local
Ethics Committee (protocol number 155/2020, general
registry number n°11486, Inter-Hospital Ethics Com-
mittee, San Luigi Gonzaga Hospital, Orbassano, Italy)
and adhered to the tenets of the Declaration of Helsinki.
Informed consent was obtained from all subjects.

We retrospectively studied consecutive patients who
underwent intravenous Brolucizumab (IV) injections and
who were followed up for 1 year between July 2020 and
March 2023.

The inclusion criteria were as follows: patients affected
by active MNV secondary to AMD involving the central
subfield (circular area within 1 mm diameter around the
foveal center as assessed by SD-OCT) treated with IV
Brolucizumab; 1-year (52 +4 weeks) follow-up availability
since the first Brolucizumab IV injection ; patients whose
clinical and imaging data were available (SD-OCT cube
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at baseline and at each visit with follow-up mode, best
corrected visual acuity; complete ophthalmic examina-
tion) at baseline and at each follow-up visit; and patients
whose best corrected visual acuity (BCVA) was >20/400
at baseline. Patients included in the study could be either
treatment naive (i.e., naive group) or previously treated
with other anti-VEGF drugs and subsequently switched
to Brolucizumab (i.e., switch group).

The exclusion criteria were the presence of MNV other
than age-related MNV; the presence of other significant
ocular diseases that could interfere with data acquisition
(e.g., dense cataract, vitreous asteroid hyalosis) or that
could significantly alter data reliability (e.g., advanced
glaucoma or the presence of concomitant diabetic reti-
nopathy); and a history of previous retinal or macular
surgery in the study eye.

Patients’ examination

All patients underwent a complete ophthalmic exami-
nation at baseline and at each follow-up visit, including
best corrected visual acuity (BCVA, reported in Snellen
and converted in logMAR) testing; slit-lamp examination
with anterior segment and dilated fundus examination;
Goldmann applanation tonometry; OCT; OCT-Angiog-
raphy (OCT-A) examination; fundus autofluorescence;
and, when deemed necessary, fluorescein angiography
and indocyanine green angiography.

OCT-OCTA was performed using a Heidelberg Spec-
trialis HRA+OCT device (Heidelberg Eye Explorer, Ver-
sion 1.11.2.0; Software V7.0.1; Heidelberg Engineering,
Germany).

In all subjects, a horizontal raster acquisition of
~20x%20° centered on the fovea, composed of 97 parallel
B-scans, was acquired at baseline and at each follow-up
visit. Adjunctive scans were performed in areas of inter-
est when deemed necessary.

OCTA acquisition was performed using=20x20° high-
speed acquisition centered on the fovea and composed of
512 sections.

After checking for correct retinal layer segmentation,
retinal thickness in the central mm was automatically
obtained from the raster pattern and used for analysis in
all subjects.

OCT and OCTA follow-up modes were employed for
all visits following the baseline acquisition.

Disease activity assessment was performed on the basis
of BCVA and structural OCT.

The following structural
considered:

OCT findings

were

o Intraretinal fluid (IRF) is defined as intraretinal
hyporeflectivity within the retina (with the exception
of outer retinal tabulations).



Faraldi et al. BMC Ophthalmology (2024) 24:436

«+ Subretinal fluid (SRF) is defined as hyporeflective
space between the photoreceptor outer segment tips
and the retinal pigment epithelium (RPE).

+ Sub-RPE fluid, defined as hyporeflective space
between the elevated retinal pigment epithelium and
Bruch’s membrane.

«+ Subretinal hyperreflective material (SHRM) is
defined as hyperreflective material located external
to the retina and internal to the RPE.

Fluid assessment was performed on presence or absence
(i.e., it was not a quantitative assessment) and was used
to assess MNV activity and plan the IV injections.

TREATMENT PLANNING: treat and extend regimen.

All patients were treated with a loading dose of IV Bro-
lucizumab at weeks 0, 4, and 8. On the day of the third
injection (i.e., week 8), on the basis of the disease activity
assessment, subsequent treatment at 8 or 12 weeks was
established. After the loading phase, the disease activity
assessment was performed at all scheduled IV injections
following a traditional T&E regimen [17, 18].

OCT-based disease activity assessment could result in
three different scenarios: (1) no MNV activity (i.e., no
fluid detected on OCT); (2) decreased MNYV activity; and
(3) stable or increased MNV activity.

In the case of no MNV activity detected, the follow-
ing treatment was planned at +4 weeks in relation to
the current inter-IV injection interval (e.g., a current IV
injection at week 8 implied a subsequent IV injection at
week 12). In selected cases (e.g., when a previous inter-
val increase resulted in MNV reactivation), +2 weeks was
used instead of +4.

In the case of decreased MNV activity, the following
treatment was planned at the current inter-IV injection
interval (e.g., a current IV injection at week 8 implied a
subsequent IV injection at week 8).

In the case of stable or increased MNV activity, the
following treatment was planned at a shorter inter-IV
injection interval (e.g., a current IV injection at week 12
implied a subsequent IV injection at week 8).

When a BCVA decrease>0.1 logM AR compared to the
baseline value (or to previous assessment) was observed
and was supported by OCT-based disease activity, the IV
injection interval was reduced.

When the IV injection interval eventually reached 16
weeks without signs of MNV activity or BCVA loss, the
clinician could choose between performing a further IV
injection at 20 weeks or switching to a pro re nata (PRN)
regimen, based on clinical signs and patient history.

Safety assessment

Due to the greater incidence of different entities of intra-
ocular inflammation reported following IV Brolucizumab
injections compared to other routinely used anti-VEGF
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agents, great attention has been given at enrollment
(female patients, a history of previous intraocular inflam-
mation or retinal vascular occlusion were considered at
higher risk, and if deemed necessary, another anti-VEGF
agent was proposed) and in the evaluation of adverse
events.

Before treatment initiation, patients were informed
about possible adverse events, and once the treatment
began, they were instructed on the symptoms sugges-
tive of intraocular inflammation (e.g., floaters, blurred
or decreased vision). Moreover, after each IV injection
during the loading phase and on a voluntary basis during
further treatments, patients were recalled to our clinic to
perform a safety assessment (complete ophthalmic exam-
ination and OCT scans).

Statistical analysis

Continuous variables were checked for normality using
the Shapiro—Wilk test. A parametric t test or a nonpara-
metric Mann-Whitney test was used when necessary to
compare the variables between groups. Statistical analy-
sis was performed using IBM SPSS Statistics (SPSS Sta-
tistics, version 19.0, Chicago, IL, USA). Binary variables
were arranged in cross-correlation tables and analyzed
using the chi-squared test.

The results are presented as the mean standard devia-
tion (SD) or as the median with range for continuous
variables and as proportions (%) for categorical variables.
P values<0.05 were considered to indicate statistical
significance.

Results

Among the 64 eyes of 60 patients treated with Broluci-
zumab during the study period, 41 eyes from 41 patients
met the inclusion criteria: 20 patients were treatment
naive (naive cohort), while 21 were previously treated
with other anti-VEGF drugs (9 with aflibercept, 43%; 2
with ranibizumab, 9.5%; 10 with both aflibercept and
ranibizumab, 47.5%; switch cohort). In the switch cohort,
patients underwent a mean of 12.14+3.76 IV injections
over a mean period of 22.62+8.27 months.

The reasons for the switch from other anti-VEGF drugs
were fluid persistence or increase despite multiple closed-
range treatments (Q4w regimen in 9 eyes, accounting for
43%, and Q6w regimen in 12 eyes, accounting for 57%)
and/or documented MNV recurrence when the treat-
ment was extended.

The demographic and baseline structural and func-
tional data are presented in Table 1.

The loading phase of three-month injections was per-
formed in all patients. At the one-year follow-up, naive
patients underwent a mean of 6.55+1 IV injections,
and 55% of them achieved a q12w regimen. The switch
cohort presented a greater mean number of IV injections
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Table 1 Demographic and baseline data
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N Age (years) Gender Baseline BCVA Baseline CST Baseline fluid (IR; SR; sub-RPE)
n (%) (logMAR) (pum)
All patients 41 7841+699 M=25 (61%) 0.36+0.24 369.2+101.8 48.5%; 97.5%; 85%
Naive cohort 20 80.35+5.71 M=12 (60%) 044+0.25 412.1+£115.8 70%; 95%; 85%
Switch cohort 21 76.57+7.72 M=13 (62%) 0.28+0.19 3284+66.5 28.5%; 100%; 85.5%

N: number; M: male; BCVA: best corrected visual acuity; CST: central subfoveal thickness; IR: intraretinal; SR: subretinal; RPE: retinal pigment epithelium. The values

are expressed as the means+standard deviations

Table 2 Treatment, functional and anatomical data at 1-year follow-up

Mean (SD) n of IV Q12w regimen at final Final BCVA Final CST Final
injections follow up (N, %) (difference vs. baseline: p) (difference vs. baseline: p) fluid
(IR; SR;
sub-RPE)
Naive cohort 6.55+1 11;55% 0.29+0.21 2732+616 20%;
(p<0.05) (p<0.05) 20%; 35%
Switch cohort 743+0.68 7;,33.5% 0.26+0.18 314.8+58.7 28.5%;
(p: 0.38) (p: 0.25) 389%; 43%

IV:intravitreal; Q12w: 12-week interval between IV injections; BCVA: best corrected visual acuity; CST: central subfoveal thickness; IR: intraretinal; SR: subretinal; RPE:
retinal pigment epithelium. The values are expressed as percentages or means+tstandard deviations

per year, at 7.4310.68, with 33.5% of patients receiving a
q12w regimen (p=0.002).

After 1 year, the mean BCVA significantly improved in
naive patients, from 0.44 logMAR (20/51 Snellen equiva-
lent) to 0.29 logMAR (20/39). However, no significant
differences were observed in the switch group, where
BCVA remained stable over time, from 0.28 to 0.26 log-
MAR (20/39 Snellen equivalent).

At the final follow-up, in the naive cohort, 55% of
patients presented an improvement in BCVA, with
30% of patients who gained more than 0.2 logMAR.
The remaining 45% of patients (n=9) presented a stable
BCVA over time (mean BCVA 0.36%0.17). In the switch
cohort, 33% of patients gained between 0.1 and 0.2 log-
MAR, while 57% of patients remained unchanged (mean
BCVA 0.2610.20); two patients experienced VA loss (0.1
and 0.3 logMAR).

The structural, functional and IV injection data are pre-
sented in Table 2.

Structural OCT scans from six patients included in the
naive and switch cohorts are presented in Figs. 1 and 2,
respectively. The complete history of a patient from the
switch cohort is presented in Fig. 3.

Inflammatory adverse events were observed in 1
patient in the naive group who presented with conjuncti-
vitis associated with mild anterior uveitis that completely
resolved after topical steroids. The event occurred during
the loading phase; the patient was strictly followed-up,
and no recurrences were observed during the subsequent
IV Brolucizumab injections. Finally, one patient in the
switch group developed a large RPE tear during treat-
ment that was responsible for VA loss (from 20/32 at
baseline to 20/63 at last follow-up); this patient is cur-
rently receiving Q8w Brolucizumab treatment.

Discussion

In this study, we report one-year follow-up results for
patients treated with the T&E regimen of IV Broluci-
zumab who were both naive (i.e., naive cohort) or previ-
ously treated with other IV anti-VEGF agents (i.e., switch
cohort).

Our results showed that significant BCVA improve-
ment and fluid reabsorption were achieved in all patients,
with greater functional and anatomic results in the naive
cohort, with 30% of patients gaining more than 0.2 log-
MAR (i.e., 2 ETDRS chart lines).

Since the advent of OCT technology, the presence of
fluids (IR, SR or sub-RPE) has become a milestone in
MNYV activity assessment. Indeed, a positive correlation
between the presence of fluids and retinal thickness and
visual function has been widely reported [19, 20].

More recently, particular attention has been given to
retinal fluid fluctuations, which present even greater
accuracy in predicting visual prognosis [21, 22]. Several
studies suggest that poor fluid control over time is associ-
ated with a poor visual prognosis in the mid- and long-
term, and this is particularly evident for patients with IRF
[23]. Indeed, intraretinal fluid, which can be of both exu-
dative and degenerative origin, is often associated with
permanent damage to the neurosensory retina, leading to
a greater incidence of atrophy and fibrosis [24—26]. On
the other hand, the management and tolerance of SRF are
still debated, with some studies even advocating a protec-
tive role of some SRF and others underlining the impor-
tance of strict fluid control [26, 27].

Since its introduction, Brolucizumab has demonstrated
great efficacy in fluid reabsorption, with promising data
for different MNV subtypes from several series.

In the Hawk and Harrier studies, naive patients
affected by type 1 and type 2 MNV were randomized
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Fig. 1 One-year follow-up of three naive patients treated with Brolucizumab following a Treat-and-Extend regimen. Boxes named: “case 1", “case 2" and
“case 3" Panel A represents the baseline and panels B to E/F represent each follow-up assessment; the week of each assessment is reported in yellow at
the bottom of each OCT structural B-Scan (on the right, at the bottom). At each assessment, the IV injection interval was established (reported between
each figure, next to the black arrow). Example, Patient 1: 1 A: baseline infrared fundus image with a color-coded thickness map overlay (on the left);
sectorial thickness map (in the center, top), retinal thickness change map (in the center, bottom) and structural OCT B-scan passing through the center
showing an MNV with SHRM and abundant SR fluid. 1B: On the day of the third IV injection (third of three monthly IV injections of the loading phase), at
week 8, no MNV activity was detected, and the following treatment was planned at 12 weeks (i.e, g12). 1 C: At week 20, no MNV activity was detected,
and the following IV injection was planned at q16. 1D: At week 36, no MNV activity was detected, and the following IV injection was planned at g20. 1E:
At week 56, at the end of the follow-up (i.e, 52 +4 weeks), no MNV activity was detected

to receive either Brolucizumab or Aflibercept and fol-
lowed up for 48 weeks. Patients receiving Brolucizumab
were treated every 8 or 12 weeks on the basis of a dis-
ease activity assessment. The studies reported a mean
BCVA gain between 6.6 and 6.9 letters (cohort treated

with 6 mg of Brolucizumab) and a mean central subfoveal
thickness (CST) reduction between 172.8 and 193.8 pm.
Overall, between 51% and 56% of patients were main-
tained on ql2w dosing at 48 weeks [9]. At 96 weeks,
the trials showed a VA gain between 5.9 and 6.1 letters
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Fig. 2 One-year follow-up of three switch patients treated with Brolucizumab following a treat-and-extend regimen. Boxes named “case 1", “case 2" and
“case 3" Panel A represents the baseline and panels B to F/G represent each follow-up assessment; the week of each assessment is reported in yellow at
the bottom of each OCT structural B-Scan. At each assessment, the IV injection interval was established (reported between each figure, next to the black
arrow)
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(See figure on previous page.)

Fig. 3 Complete history of a patient from the switch cohort. In the first box (1, top), the baseline structural OCT and OCT-A features are reported: the
patient presented with polypoidal choroidal vasculopathy (PCV), with subretinal and sub-retinal pigment epithelium (RPE) fluid at baseline. In the second
box (2, middle), the baseline (top) and postloading phase (i.e., 4 weeks after the third IV injection, bottom) of structural OCT are reported; in the left col-
umn, the OCT performed during treatment with Aflibercept is shown, and in the left column, the OCT performed during treatment with Ranibizumab is
shown. In both cases, due to anatomical unresponsiveness accompanied by functional decay (BCVA 20/32 at baseline decreased to 20/40 at the end of
the loading phase with both anti-VEGF drugs), a switch was proposed after three monthly IV injections. The third box (3, bottom) represents the one-year
follow-up with Brolucizumab, from Fig. 3A, at week 4 (i.e, the day of the second IV injection) to Fig. 3F, at week 50. Notably, due to a complete response
at week 8 (Fig. 3B), further IV injection was planned at q12, but recurrence occurred at week 20 (Fig. 3C); a q12 regimen with no fluid was finally achieved

at the last IV injection at week 50 (Fig. 3F)

(6 mg of Brolucizumab), a mean CST reduction between
174.8 and 197.7 ym, and ql2w dosing in 38.6—45.4% of
the eyes (at week 92) [28]. A 96-week subanalysis of a
cohort of patients with residual fluid at weeks 4 to 12 (i.e.,
early residual fluid), reported greater results achieved
with Brolucizumab as compared to Aflibercept, provid-
ing a mean VA gain of 6.4 letters and a CST reduction of
202 pm [29].

In a 2-year real-life study on naive patients with type 1
MNYV treated with Brolucizumab using a T&E regimen,
Matsumoto et al. reported a significant improvement
in BCVA from baseline to week 96, with an average IV
injection interval of 14+3.3 weeks [30]. In their study,
patients underwent a mean of 6.4+0.6 IV injections in
the first year, which is similar to our data (6.55%1).

In a 1-year real-life study on refractory MNV previ-
ously treated with a mean of 36+22 IV injections, Abdin
et al. observed an almost unchanged VA (from 51116 to
50+19 letters) and a CST reduction from 374+158 pm to
298+92 um [31]. Patients underwent a mean of 6.4£0.9
IV injections in the study period, which is lower than the
7.4310.68 that we observed in the current study.

In our series, 55% of naive patients presented no signs
of MNV activity at 12-week intervals, meaning that, in
the presence of disease stability over time, they could
receive up to four IV injections per year from the second
year of treatment.

In the switch cohort, a significantly lower percentage of
patients presented no MNV activity at longer intervals,
with 33.5% of them reaching q12w. The lower proportion
of patients who achieved a q12w regimen in the switch
cohort might be related to intrinsic features of the disease
that led to a poor or incomplete response to anti-VEGF
drugs. On the other hand, these patients never reached
a q12w interval with other anti-VEGF agents underlying
the greater drying effect of Brolucizumab, which might
have been particularly effective in our cohort of patients
previously treated on a q4 or g6 basis. Indeed, in a large
study by MacCumber et al. on patients who switched to
Brolucizumab, greater results in terms of visual gain and
IV injection extension were observed in those patients
with shorter IV injection intervals and a history of anti-
VEGF therapy before switching [32].

In terms of anatomical and functional results, con-
sistent differences emerged between the two cohorts.

In the naive group, we observed a significant improve-
ment in BCVA accompanied by a decrease in the CST,
while in the switch cohort, both parameters were almost
unchanged within the period. To correctly interpret this
finding, we should consider that the typical functional
and anatomical improvements were likely achieved after
the treatments were performed at their naive status.

Adverse events after IV Brolucizumab injections have
been widely documented in recent years, ranging from
mild intraocular inflammation to severe vasculitis, and
several papers have reported useful information on the
definition of the risk of adverse events and on its manage-
ment [33, 34]. Fonollosa et al. distinguished several steps
in the selection and management of patients: profiling
(risk factors and risk-benefit evaluation), choosing the
treatment regimen, monitoring and immediate treatment
in cases of intraocular inflammation [35]. Recently, Mora
et al. reported a case of contralateral retinal changes in
a patient affected by bilateral MNV treated with Brolu-
cizumab in the right eye: after two consecutive Broluci-
zumab IVI, the CMT remarkably decreased in both eyes.
To explain this finding, the authors postulated a “molecu-
lar escape” of the drug that, presenting a particularly low
molecular weight, could more easily reach the contralat-
eral eye [36].

In our study, particular attention was given at enroll-
ment (female patients, a history of previous intraocular
inflammation or retinal vascular occlusion were con-
sidered at higher risk, and if deemed necessary, another
anti-VEGF agent was proposed), and in the evaluation
of adverse events, patients were carefully monitored
with enforced follow-up visits during the loading phase
and then instructed to detect those symptoms that were
suggestive of intraocular inflammation or retinal vas-
cular events. At one year, we did not observe signifi-
cant adverse events, and if we extend our analysis to the
whole cohort of patients treated with Brolucizumab in
our clinic, we report one case of conjunctivitis associated
with mild anterior uveitis in one male patient who was
successfully treated with steroid drops for three weeks,
leading to complete resolution. The patient was then
switched to another anti-VEGF drug.

This real-life study has several limitations: it was ret-
rospective, was performed on a relatively small cohort of
patients who presented different baseline characteristics
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and had a follow-up of only 1 year. However, we believe
that these data could provide useful information on the
use of Brolucizumab combined with a T&E regimen in
a real-world setting. In this study, aware of the benefits
and potential risks related to the use of Brolucizumab,
we adopted a T&E regimen to reach the highest IV injec-
tion interval, reducing the number of treatments and the
possible risk of adverse events as much as possible, with
promising functional and structural results.

Conclusions

In conclusion, Brolucizumab IV injections were effective
for the treatment of both naive and previously treated
patients, with significantly greater anatomical and func-
tional results in the naive cohort. In the naive cohort,
55% of the patients achieved a q12w fluid-free regimen at
the end of the follow-up.
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